The synthesis and isolation of gold (I) 
INTRODUCTION
The field of gold chemistry and catalysis continues to flourish after a decade of important advances. 1 The exploration of gold(I)-NHC chemistry in particular has gained increased attention mainly due to the ever-growing development of NHC (NHC = N-heterocyclic carbene) ligand design and tunability ( Figure 1) . 2 Our synthetic studies of Au-NHC complexes initially targeted the isolation of [AuCl(NHC)] (1) via the reaction of [AuCl(DMS)] (DMS = dimethylsulfide) with the free NHC. 2b This and following simpler synthetic protocols have rendered gold(I) complexes such as 1 excellent precursors for a variety of neutral and cationic gold(I) species (Figure 2) . 3 Active gold catalysts are generally prepared by anion metathesis through the addition of a silver(I) salt AgX (X = OTf, NTf2, BF4, PF6 or SbF6) to these gold(I) chloride precursors ( Figure 2 , route IA).
3 Using this strategy, [Au(NHC)(NCCH3)] [X] (X = BF4, PF6) 4 and [Au(NTf2)(NHC)] 5 complexes have readily been accessed. Problematically, silver salts were shown to persist as impurities and interfere with catalytic reactions through the formation of silver-stabilized intermediates (e.g. gemdimetallated complexes) 6 or catalytically active acids. 7 Furthermore, avoiding the use of light-and moisture sensitive silver salts is highly desirable in an effort to decrease cost and to simplify handling. 8 In this context, gold hydroxide complexes, [Au(OH)(NHC)] (2), have been developed ( Figure  2 , route IB); 9 these complexes can be activated by Brønsted acids (e.g. HOTf, HNTf2, HBF4·OEt2, H3OPF6 , 2HF·SbF5 or NEt3·3HF 10 ) and mineral acids (HNO3, H2SO4 or H3PO4) 11 instead of silver salts to deliver the same catalytically active cationic species (Figure 2 , route IC). These formal acid-base reactions are facilitated by the high Brønsted basicity of the hydroxide precursors.
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Figure 2. General synthetic analysis for the formation of gold(I)-NHC complexes: IA silver-based, IB silver-free and IC acidbased transformations.
Even though numerous catalytic methodologies have successfully employed this mode of activation in situ, 13 the use of pre-formed catalysts is still desirable to avoid issues with acid-sensitive reactions, substrates and parasitic or undesired silver-mediated reactions. Consequently, these silver-free protocols have allowed the isolation of key precursors such as [Au(NTf2)(IPr)] (4a) 5 and [Au(IPr)(NCCH3)][BF4] (5a) 14 starting from [Au(OH)(IPr)] (2a) (Figure 2 , route IC). Recently, the newly reported neutral gold(I)-acetonyl complex, [Au(CH2COCH3)(IPr)] (3a), has displayed similar interesting reactivity. 15 Release of acetone upon reaction of gold-acetonyl complexes with acids resulted in a range of gold complexes, including 4a (Figure 2 , route IC) 15 and [Au(OTf)(IPr)]. 16 An evaluation of the previously-reported procedures for syntheses of [AuCl(NHC)] (1) and [Au(OH)(NHC)] (2) indicates that gold(I)-NHC species are compatible with various bases (Scheme 1). The first synthesis of [AuCl(IPr)] (1a) consisted of generating the free carbene by reacting IPr·HCl 17 with KO t Bu 18 followed by the addition of [AuCl(DMS)] (Scheme 1, route IIA). 2b This has now been improved upon, using a straightforward one-pot system with potassium carbonate as base; the reaction proceeds via the in situ formation of "ate" complexes, [NHC·H] [AuCl2] (Scheme 1, routes IIB and IIC). 19 Crucially, use of an excess of base and prolonged reaction times in the latter procedure leads to [Au(CH2COCH3)(IPr)] (3a) instead of 1a.
15 Alternatively, this gold(I)-acetonyl complex can be formed from [Au(OH)(IPr)] (2a) in the absence of an external base by simply stirring it in acetone (Scheme 1, route IID). 20 The formation of [Au(OH)(IPr)] (2a) from [AuCl(IPr)] (1a) was initially performed using alkali earth hydroxide bases at slightly elevated temperatures; 9a,9c,21 however, an improved procedure using a mixture of NaOH and tert-amyl alcohol was later reported (Scheme 1, route IIC). 20 This latter route was demonstrated to proceed through formation of [Au(O t Am)(IPr)] and the overall transformation could be carried out sequentially by first reacting 1a with a toluene solution of potassium tert-amylate followed by the addition of water (Scheme 1, route IIE-IIF). Furthermore, the viability of a one-pot sequential approach starting from IPr·HCl was also demonstrated (Scheme 1, route IIG). Although route IIC is one of the best procedures to form 2, it still requires long reaction times (24 h). Examining these reports, we noticed that the use of a toluene solution of the alkoxide base, to form species 2 starting from 1 (Scheme 1, route IIE-IIF), avoids problems associated with the use of hygroscopic hydroxide salts (e.g., KOH, CsOH) while significantly accelerating reactions. In the context, we aim herein to extend this procedure to other NHC ligands (Scheme 2, route IIIA-IIIC). Another objective of the present study was to synthesize species 2 directly from [AuCl(DMS)] and NHC·HCl (Scheme 2, route IIIB-IIIC 22 Gratifyingly, reactions reached completion within one hour and 2a-d could be isolated in similar or improved yields as compared to the previously reported procedure that involved overnight reactions (Table 1 , entries 1-4, routes IVA versus IVC). Due to its low solubility in toluene, the reaction of the complex bearing the IPr* ligand did not reach completion in one hour initially, but complete conversion was obtained by using a mixture of toluene and THF (1:1). As expected from the precedent study, 20 the gold hydroxides complexes bearing IMes, ICy or IAd could not be cleanly isolated (in air) ( 23 or with [Au(OH)(NHC)] (2). 24 The absence of this side-product in the reaction involving the IPr* ligand was attributed to NHC increased steric bulk. 25 Interestingly, when the reaction of [AuCl(DMS)] and IPr*·HCl was performed under these conditions but using THF as sole solvent, [AuCl(IPr*)] (1c) rather than [Au(OH)(IPr*)] (2c) was obtained exclusively in 73% yield, providing an alternative synthesis to the previously reported method. 20, 26 We were delighted to obtain a very good yield of 90% when we conducted a large scale synthesis of [Au(OH)(SIPr)] (2b) (Scheme 3). It should be noted that, although the yield is similar to the one obtained with the previously reported procedure, 20 the reaction time can be dramatically shortened (2 h compared to 24 h). (Table 2 , routes VB and VD). These transformations could be performed using acetone and a mixture of acetone and toluene (1:1) as solvents, respectively. The synthesis from [AuCl(NHC)] (1) gave lower yields than the previously reported procedure for complexes bearing IPr, SIPr or IPr Cl (Table 2 , entries 1-3, route VB versus route VA). Moreover, significant amounts of side-product were formed in reactions with the IPr or SIPr ligands. These were assigned to the corresponding carbon-bound complexes of the selfcondensation product of acetone, [Au(CH2COC(H)C(CH3)2)(NHC)] (3') (Scheme 4). 
Scheme 4. Hypothetical formation of Au(I)-NHC-ketonyl products 3 and 3'
We found 3' to be equally susceptible to protonolysis as the corresponding [Au(CH2COCH3)(NHC)] (3), and the mixtures could be used in subsequent transformations towards [Au(NTf2)(NHC)] (4) and [Au(NHC)(NCCH3)][BF4] (5) without affecting the overall outcome of the reactions (see Table 4 ). Unexpectedly, when we tested the formation of [Au(CH2COCH3)(IPr*)] (3d) from [AuCl(IPr*)] (1d), we obtained a mixture of the desired product and [Au(OH)(IPr*)] (2d). This result can be explained either by slower reaction of 2d with acetone to form 3d because of the sheer bulk of the IPr* ligand, 25 or the operation of two different mechanisms. This mixture could be used in subsequent synthetic steps (towards 4d and 5d) without affecting the overall outcome. Alternatively, adding THF to the reaction mixture restored full conversion to 3d in one hour (Table 2 , route VB, entry 4). Similar to the previous synthesis of [Au(OH)(NHC)] (2), decomposition occurred for complexes bearing IMes or ICy ligands (Table 2 , route VB, entries 5-6). In contrast, the reaction of [AuCl(IAd)] (1g) gave complete conversion to [Au(CH2COCH3)(IAd)] (3g); however, several purification attempts were insufficient to remove unidentified minor impurities (Table 2 , route VB, entry 7).
Scheme 5. Routes to [Au(CH2COCH3)(NHC)] (3)
The sequential synthesis of [Au(CH2COCH3)(NHC)] (3) directly from [AuCl(DMS)] and NHC·HCl were performed using a mixture of acetone and toluene (1:1) using 3 equivalents of KO t Am in toluene (Table 2 , route VD). 27 This amount of base was selected based on various sequential routes available (Scheme 5). [AuCl(NHC)] (1) would form first from reaction of the starting materials with the first equivalent of base. 19 The second equivalent of base would then form [Au(O t Am)(IPr)] that would react with acetone to produce 3. Alternatively, the base was hypothesized to activate acetone to its potassium enolate form, directly substituting the chloride of 1 with the acetonyl fragment. This method proved successful for all ligands tested, except for IMes and ICy (Table 2 , route VD, entries 1-7); 3e was obtained with impurities and, in the case of 3f, decomposition occurred (Table 2 , route VD, entries 6-7). The disadvantage of reduced yields compared to the previously reported procedure ( (Tables 1 and 2 , entries 1), we began evaluating the different sequential two-step and three-step transformations to access [Au(NTf2)(IPr)] (4a) ( Table 3) . Solvent was removed from the filtrate after the first reaction step and the crude material was subsequently used without further purification. Starting from 1a, 4a was obtained in high yields irrespective of the choice of solvent and the resulting non-isolated intermediate formed in the first reaction step (Table 3 , entries 1 and 2). Beneficially, the second reaction step could be performed in dichloromethane instead of the previously used benzene. 15, 21 To avoid the previously observed
and IPr·HCl with KO t Am (Table 1 , route IVD, entry 1), the sequential reaction was performed with acetone in the first reaction step to ensure the formation of 3a as intermediate. In this manner, 4a was obtained as the sole product (Table 3 , entry 3). The significantly higher isolated yields of 4a (Table  3 , entries 2-3) compared to that of 3a ( (Table 4 , route VIIA, entry 7). 4 The successful silver-free synthesis starting from [Au(OH)(IPr)] (2a) (Table 4 , route VIIB, entry 7) encouraged us to test the applicability of our new methods. Gratifyingly, we were able to prepare 5 in an analogous fashion to [Au(NTf2)(NHC)] (4) starting from [Au(CH2COCH3)(NHC)] (3), simply by switching from bis(trifluoromethanesulfonyl)amine to tetrafluoroboric acid and from dichloromethane to acetonitrile (to provide the auxiliary ligand). With these modifications, [Au(NHC)(NCCH3)][BF4] (5a-d,g) could be isolated in good to excellent yields (Table 4 , route VIID, entries 7-11). 33 is indicative of a less electrondeficient gold center in the former, as expected from coordination of the second ligand (NCCH3). 14, 34 Net electron transfer from the coordinated acetonitrile to the gold center was also apparent from downfield shifts (caused by lower shielding) of the 1 H and 13 C resonances relative to noncoordinated acetonitrile: C-( 13 C) = 116.9, 35 CH3-( 13 C) = 1.9 and CH3-( 1 H) = 2.10.
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Changes to the electronic configuration of the acetonitrile fragment in 5 were next probed by comparing the C≡N stretching frequencies from infrared spectra to those in noncoordinated acetonitrile. The σ-donor lone pair on the N atom of acetonitrile is weakly antibonding, and upon complexation, electron donation from the lone pair to the gold center would be expected to remove weakly antibonding electrons from the CN bond, thereby strengthening it and increasing νC≡N. 37 Indeed, blue-shifted values of νC≡N were measured for 5a-d (Table 6 ) relative to non-coordinated acetonitrile (νC≡N = 2254, 2293 cm -1 , doublet). 38 Unfortunately, the poor resolution and small range of νC≡N prohibits meaningful comparison to known metrics of -accepting potential of ligands. (Figure 3 ). The results of diffraction studies performed on the obtained single crystals agreed with the structures determined by NMR and the coordination of acetonitrile to the gold center was confirmed. Bond angles C-Au-N indicated near-linear structures and bond lengths C-Au and Au-N showed little variation ( Table 7) . As previously observed for the PF6-based analogous compound [Au(IPr)(NCCH3)][PF6], 4 the N≡C bonds in the coordinated acetonitrile molecules were slightly shorter than in non-coordinated acetonitrile (1.141 Å), 40 consistent with the measured increases in stretching frequencies (Table 6) . Table 7 . (11) a Two molecules were found in the crystal lattice of this complexes: the range of distances and angles obtained is given. 
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CONCLUSIONS
EXPERIMENTAL SECTION
General Information on reagents and characterization data for known compounds can be found in the Supporting Information. Yields for syntheses according to the various procedures are listed in Tables 1-4 .
Procedure IVC for synthesis of [Au(OH)(NHC)] (2). A solution of KO
t Am in toluene (1.7 mol L -1 , 1.5 equiv.) was added to a stirred solution of [AuCl(NHC)] (1) (1 equiv.) in toluene (0.1 mol L -1 ). The reaction was stirred at rt for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Water (excess, about the same value as base used) was added to the filtrate and it was concentrated. The product was precipitated by addition of pentane (about the initial reaction volume), collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum.
Procedure IVD for synthesis of [Au(OH)(NHC)] (2). A solution of KO
t Am in toluene (1.7 mol L -1 , 1.5 equiv.) was added to a stirred solution of [AuCl(DMS)] (1) (1 equiv.) and NHC·HCl (1 equiv.) in THF/toluene (1:1, 0.1 mol L -1 ). It was stirred at rt for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Water (excess) was added to the filtrate and it was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum.
Procedure VB for synthesis of [Au(CH2COCH3)(NHC)] (3). A solution of KO
t Am in toluene (1.7 mol L -1 , 3.0 equiv.) was added to a stirred solution of [AuCl(NHC)] (1) (1 equiv.) in acetone (0.1 mol L -1 ). It was stirred at rt for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Solvent was removed from the filtrate under vacuum and the solid was dissolved in dichloromethane (about 0.5 mol L -1 ) and filtered through silica with additional dichloromethane (about the initial reaction volume). The solution was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum.
Procedure VD for synthesis of [Au(CH2COCH3)(NHC)] (3). A solution of KO
t Am in toluene (1.7 mol L -1 , 3.0 equiv.) was added to a stirred solution of [AuCl(DMS)] (1 equiv.) and NHC·HCl (1 equiv.) in toluene/acetone (1:1, 0.1 mol L -1 ). It was stirred at rt for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Solvent was removed from the filtrate under vacuum and the solid was dissolved in dichloromethane (about 0.5 mol L -1 ) and filtered through silica with additional dichloromethane (about the initial reaction volume). The solution was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum. Procedure VIID for synthesis of [Au(NTf2)(NHC)] (4). Bis(trifluoromethanesulfonyl)amine (1.1 equiv.) was added to a stirred solution of [Au(CH2COCH3)(NHC)] (3) (1 equiv.) in dichloromethane (0.1 mol L -1 ). After 10 minutes at rt, the solution was filtered through Celite ® with additional dichloromethane (about the initial reaction volume). The solution was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum.
Procedure VIIC for synthesis of [Au(NTf2)(NHC)] (4). A solution of KO
t Am in toluene (1.7 mol L-1, 1.5 equiv.) was added to a stirred solution of [AuCl(NHC)] (1) (1 equiv.) in toluene (0.1 mol L -1 ). It was stirred at room temperature for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Solvent was removed under vacuum, the solid was dissolved in dichloromethane (0.1 mol L -1 ) and bis(trifluoromethanesulfonyl)amine (1.1 equiv.) was added to this stirred solution. After 10 minutes at rt, the solution was filtered through Celite® with additional dichloromethane (about the initial reaction volume). The solution was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum. ). It was stirred at room temperature for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Solvent was removed under vacuum, the solid was dissolved in dichloromethane (0.1 mol L -1 ) and tetrafluoroboric acid diethyl ether complex (1.1 equiv.) was added to this stirred solution. After 10 minutes at rt, the solution was filtered through Celite®, concentrated, precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum.
Procedure VIIE' for synthesis of [Au(NHC)(NCCH3)][BF4] (5). A solution of KO
t Am in toluene (1.7 mol L -1 , 3.0 equiv.) was added to a stirred solution of [AuCl(DMS)] (1 equiv.) and NHC·HCl (1 equiv.) in toluene/acetone (1:1, 0.1 mol L -1 ). It was stirred at rt for 1 h and then filtered through Celite ® with additional toluene (about twice the reaction volume). Solvent was removed under vacuum, the solid was dissolved in dichloromethane (0.1 mol L -1 ) and tetrafluoroboric acid diethyl ether complex (1.1 equiv.) was added to this stirred solution. After 10 minutes at rt, the solution was filtered through Celite ® . The solution was concentrated (to about 2 mol L -1 ) and the product was precipitated by addition of pentane (about the initial reaction volume). It was collected by filtration, washed with additional pentane (about twice the initial reaction volume) and dried under high vacuum. Characterization data. 
[Au(SIPr)(NCCH3)][BF4] (5b
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ABBREVIATIONS
DMS, dimethyl sulfide; IAd, 1,3-di(adamantyl)imidazol-2-ylidene; ICy, 1,3-bis(cyclododecyl)imidazol-2-ylidene; IDD, 1,3-bis(cyclododecyl)imidazol-2-ylidene; IMes, 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene;
IPr, 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene; IPr Cl , 4,5-dichloro-1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene; IPr*, 1,3-bis(2,6-bis(diphenylmethyl)-4-methylphenyl)imidazol-2-ylidene; IPr* Tol , 1,3-bis(2,6-bis(di-ptolylmethyl)-4-methylphenyl)imidazol-2-ylidene); I t Bu, 1,3-bis(tertbutyl)imidazol-2-ylidene. IPr Me , 4,5-dimethyl-bis(2,6-diisopropylphenyl)imidazol-2-ylidene; nd, not determined; NHC, N-heterocyclic carbene; NMR, nuclear magnetic resonance; rt, room temperature; SIMes, 1,3-bis-(2,4,6-trimethylphenyl)imidazolin-2-ylidene; SIPr, 1,3-bis(2,6-diisopropylphenyl)imidazolin-2-ylidene.
